LTR. The results indicate that rep strongly enhances the function of negative regulatory elements of the LTR.
In addition, the experiments revealed a transcribed sequence element located within the TAR-coding sequence termed AHHH (AAV-HIV homology element derived from HIV-1) which is involved in rep-mediated inhibition. The AHHH element is also involved in down-regulation of basal expression levels in the absence of rep, suggesting that AHHH also contributes to negative regulatory functions of the LTR of HIV-1. In contrast, positive regulatory elements of the HIV-1 LTR such as the NFKB and SP1 binding sites have no significant influence on the rep-mediated inhibition.
Adeno-associated virus type 2 (AAV-2) is a helper-dependent human parvovirus with a single-stranded DNA genome and two genes, termed rep and cap. AAV-2 can infect cells from a large variety of tissues and species (for reviews, see references 2 and 20) . Its genes are expressed after transfection of the complete cloned viral genome (9) . Recently, it was shown by various experimental approaches, including comicroinjection of complete viral genomes into human SW480 cells and cotransfection, that AAV-2 efficiently inhibits replication of human immunodeficiency virus type 1 (HIV-1) (1, 19, 22) . Inhibition of HIV-1 replication after infection could also be observed in human T-cell clones stably transfected with rep alone (24a) . These and similar studies indicated that the AAV-2 rep gene products Rep68 and Rep78 are sufficient for mediating inhibition (1, 22, 25) . The four rep gene products are involved in AAV-2 DNA replication and gene regulation (10, 28) . Purified Rep68 has been shown to bind to the partially double-stranded terminal sequences of AAV-2 in vitro and to exhibit an ATP-dependent DNA helicase activity and sitespecific nicking (12) . The rep gene was also shown to inhibit HIV-1 long terminal repeat (LTR)-driven expression of the chloramphenicol acetyltransferase gene (cat) in the absence of the HIV-1 transactivator Tat (22) . These findings suggest that rep down-regulates HIV-1 replication and gene expression by affecting the control of transcription from the HIV-1 LTR. The control and interaction of positive and negative functions of the viral LTR regulating the transcriptional activity of the HIV-1 promoter are complex (for summaries, see references 4 and 14). Various already identified cis elements of the LTR and cellular trans-acting factors are known to be involved in the regulation of basal and Tat-activated transcription (4, 5, 7, 13, 14, 29) . These include numerous positive as well as negative regulatory sequence elements located on the viral LTR. The negative regulatory sequence elements have been assigned to a region between positions -419 and -117 which was termed the negative regulatory element (NRE [18, 24] ). To study the functional importance of different sequence elements of the HIV-1 LTR for rep-mediated down-regulation of viral transcription, we analyzed a series of mutated HIV-1 LTRs driving the transcription of cat. The plasmids were cotransfected into human epitheloid SW480 cells together with the rep gene driven either by the homologous AAV promoter or by the constitutive strong promoter enhancer element of human cytomegalovirus. SW480 cells were used earlier to demonstrate and investigate the down-regulation of HIV-1 replication and gene expression by AAV-2 and rep (22) .
rep-mediated inhibition of HIV-1 LTR-driven gene expression. Initially, the negative interference between rep and HIV-1 LTR-driven gene expression was measured by assays based on comicroinjection in SW480 cells (22) . Similar results were obtained by cotransfection of HIV-1 LTR-cat constructs together with cloned AAV-2 DNA or strong expression cassettes for rep, indicating that cotransfection was also appropriate to measure rep-mediated inhibition (21) . A delay of expression and inhibition of cat was observed in cotransfection experiments versus comicroinjection (Fig. 1) , which is likely to be due to the fast appearance of gene products after microinjection. However, the overall extent of rep-mediated inhibition of HIV-1 LTR-driven cat expression was similar to that in the comicroinjection experiments. Therefore, in the following experiments, CAT activity was measured either 24 (rep') and the CAT activity in the presence of the control pTAV2-8 (rep -), which was 1.0 when no inhibition occurred. The human epitheloid cell line SW480 (15) was maintained at 37°C and 5% CO2 in Dulbecco modified Eagle medium supplemented with 10% fetal calf serum, L-glutamine (2 mM), penicillin (1,000 U/ml), and streptomycin (100 ,ug/ml). Both pTAV constructs are described elsewhere (9, 22 (8) . The products of the CATcatalyzed reaction were separated by thin-layer chromatography and quantified by densitometric scanning of autoradiographs. In the case of small yields of acetylated ['4C]chloramphenicol, radioactive spots were excised and the radioactivity was measured by liquid scintillation counting.
microinjection or 48 h after transfection of rep-containing plasmids together with LTR-driven cat genes.
First, we addressed the question of whether rep also downregulates HIV-1 LTR-driven gene expression of cat in the presence of tat at various molar ratios of cloned wild-type AAV-2 DNA over a human cytomegalovirus-driven tat expression plasmid. The results demonstrated that Tat-activated LTR-driven cat expression was not significantly influenced by rep under experimental conditions which led to more than 95% rep-mediated inhibition of basal expression levels in SW480 cells (Fig. 2) .
The NRE of the HIV-1 LTR is a prerequisite for complete rep-mediated inhibition. To search for sequence elements of the HIV-1 LTR which could be linked with rep-mediated inhibition, we tested a set of LTR-cat constructs with mutations in functional sequence elements of the LTR (30) . To exclude possible artifacts at a high excess of additional plasmid DNA over HIV-1 LTR constructs, we cotransfected a relatively small amount of cloned AAV-2 DNA (pTAV2-6, rep').
For this reason, the inhibition of wild-type LTR-directed gene expression was relatively weak. However, at greater excesses of pTAV2-6, stronger and almost complete inhibition of LTRdirected gene expression was observed (22) . The results showed that none of the LTR-located binding sites for the transcriptional activators NFKB and SP1 were involved in rep-mediated inhibition in either combination (Table 1) . In contrast, deletion of the NRE of the HIV-1 LTR significantly reduced the extent of inhibition. This finding suggested that regulatory functions of the LTR which include NRE were involved in rep-mediated inhibition. The dose dependence of the extent of inhibition showed that the transcriptional activity of the wild-type LTR could be progressively inhibited by increasing amounts of the rep gene (Fig. 3A) . However, the transcriptional activity of an NRE-mutant of the LTR could be down-regulated to only approximately 60% (Fig. 3B) . A double mutant lacking NRE and functional NFKB binding sites which are not involved in the function of rep showed basal expression levels similar to those of the wild-type LTR and behaved like the original NRE -mutant in the presence of rep (Fig. 3C ). This result argues against the possibility that the incomplete inhibition of the NRE-construct was due to enhanced basal transcription.
The HIV-1 R region contains a cis element which influences rep-mediated inhibition and is involved in negative regulation wild-type LTR (WT) and mutants thereof lacking NRE (i.e., sequences upstream of position -121; ANRE) or both NRE and NFKB (ANRE, ANFKB). DNAs were cotransfected into SW480 cells, and CAT activity was measured 48 h after transfection. The activity of CAT was standardized to the expression levels of the wild-type LTR-cat construct (1.0). As a negative control (rep -), we used pTAV2-8.
of basal transcription levels. By sequence comparison between the complete genomes of AAV-2 and HIV-1, we identified an element showing a stretch of 25 nucleotides with 75% nucleotide identity. This element, termed the AAV-HIV homology element (AHH), is located within the TAR-coding sequence of the HIV-1 R region (AHHH; positions +30 to +54) and the terminal repeat sequences of AAV-2 (AHHA) (Fig. 4A) . To investigate whether the AHHH element is involved in the interference between rep and the LTR, we performed inhibition experiments in the presence of restriction fragments and synthetic double-stranded oligodeoxyribonucleotides as well as TAR-containing RNA which included AHHH. These AHHHcontaining nucleic acids were comicroinjected into the nuclei of SW480 cells together with cloned AAV-2 DNA (rep') and an LTR-driven cat gene. As a result, the extent of rep-mediated inhibition was decreased; i.e., cat expression was in part restored in the presence of AHHH-containing DNA but not AHHH-lacking DNA or any kind of RNA. This result showed that the AHHH element was partially involved in inhibition by rep and indicated a role of AHHH at the level of DNA (Fig.  4B) . We cannot exclude unequivocally that biological effects of RNA were missed because of rapid degradation, although microinjected and transfected RNA is stable enough in SW480 cells to lead to significant biological effects (11 (Fig. 4) . This finding indicates that AHHH alone is not sufficient to account for the complete extent of rep-mediated inhibition of the HIV-1 LTR and suggested that further cis elements or functions of the LTR are involved.
Substitution and deletion mutations of AHHH resulted in increased basal expression levels phenotypically indistinguishable from those of NRE -constructs (Fig. 5) . Since both NRE and AHHH were shown to be involved in inhibition of HIV-1 transcription by rep, we tested a set of mutants of the LTR lacking the NRE or AHHH sequence or both. The results, which are summarized in Fig. 5 , strongly suggest several points. First, AHHH and NRE are absolutely required for full inhibition. Second, substitution or deletion of AHHH or deletion of NRE prevented full inhibition; i.e., inhibition was not exclusively dependent on either AHHH or NRE alone. The full extent of rep-mediated inhibition required both cis elements.
Third, all alterations within AHHH led to enhanced basal activity of the LTR which was similar to that of the NREmutant (Table 1 and Fig. 4) . In the presence of Tat, the rep gene was not inhibitorily active under the experimental conditions used to study inhibition of the basal transcription of the HIV-1 LTR. Therefore, one might speculate that rep could also be useful as a tool to distinguish between the different modes of transcription which are discussed to explain the complex regulation of the basal and the Tat-activated transcription of HIV-1 (4, 7, 14, 17 Fig. 2 are shown at the top. The expression of cat driven by mutated LTRs in the absence or presence of increasing amounts of rep was measured as described in the legend to Fig. 2 and is summarized at the bottom. Abbreviations: wt and WT, wild type; AAHH, deletion of the 25-nucleotide AHHH sequence shown in Fig. 4 
